A study focused on the synthesis of a derivative of all-cis phenyl-2,3,5,6-tetrafluorocyclohexane, incorporating a methyl group at the benzylic position, found that the fluorination reactions of diepoxide and diol precursors, were susceptible to rearrangement and unexpected products. The origin of these rearranged products can be rationalised by aryl migrations occurring via phenonium ion intermediates, in adventitious pathways occurring during deoxofluorination reactions with hydrogen fluoride reagents.
Introduction
We have recently introduced all-cis phenyl-2,3,5,6-tetrafluorocyclohexane 1 as the starting point for the synthesis of a diversity of products 2 carrying a tetrafluorocyclohexyl motif with four fluorine up [1] [2] [3] [4] [5] [6] . The diversity emerges as the aromatic ring of 1 can be modified by a range of standard electrophilic aromatic substitution reactions [4, 6] . This gives rise to products 2 that contain a unique motif which has four fluorine atoms on one face of a cyclohexane and offers a facially polarized ring, the properties of which appear unique and remain to be fully explored in medicinal and agrochemical discovery programmes. Compound 1 was prepared in a synthesis protocol starting with a Birch reduction of biphenyl 3 to give diene 4 [7] [8] [9] followed by diepoxidation with mCPBA to generate diepoxide 5 [4, 5] . This diepoxide was then treated with 3HF.NEt 3 and converted to inseparable diols 6 and 7. These diols could also be converted to their corresponding triflates 8 and 9. However when the triflates 8 and 9, which could be separated, were treated individually with 3HF.NEt 3 , then 8 gave 1 exclusively, and 9 gave cyclohexene 10 exclusively [5] . The stereochemistry of cyclohexene 10 indicated that the fluorination had occurred with retention of configuration, consistent with a rearrangement via the symmetrical phenonium ion 11 [5] . This was further supported by a deuterium isotope labelling experiment. [1, 5] As part of a programme to extend the structural diversity of the all-cis tetrafluorocyclohexane motifs 2 we were interested in placing a methyl group at the benzylic position to generate products such as 12. To that end we started with the well known modification of the Birch reduction of biphenyl 1 which involves in situ methylation to generate diene 13 [7, 9] . It was then required to progress 13 in a similar manner to that previously carried out for 4, to generate 1. In this paper we report that the transformations with the methyl derivative were prone to aryl migrations consistent again with phenonium intermediates.
Scheme 1 Previous work

Results and discussion
The Birch reduction of biphenyl 1 followed by an in situ methyl iodide quench generated diene 13, a reaction which occurs in almost quantitative yield [7, 9] . Epoxidation of 13 with an excess of mCPBA was not particularly stereoselective and afforded a mixture of the diepoxide isomers 14, 15 and 16 in the ratio 9.5:1:1.1 respectively, but in favour of diepoxide 14, where the epoxide oxygens are syn to each other but anti to the phenyl group (Scheme 2) [10, 11] . Isomer 14 was readily purified by chromatography and was recovered in 68% yield and its structure and stereochemistry was confirmed by X-ray crystallography as shown in Figure 1 . This was the only isomer progressed in the subsequent fluorination studies. [12] .
Ring opening of diepoxide 14 was firstly explored with pyridine.HF [13, 14] . This resulted in an efficient conversion but to the rather unexpected difluorodiol 18. The structure and stereochemistry of product 18 was also confirmed by X-ray structure analysis as shown in Figure 2 . In retrospect we can rationalize a rearrangement reaction, which most reasonably proceeded via a phenonium type intermediate as represented by 17 in Scheme 3 [5, [15] [16] [17] [18] [19] [20] . This is an interesting outcome but not particularly useful for the preparation of a tetrafluorocyclohexyl motif.
Scheme 3:
Synthesis protocol and X-ray structure of difluoro diol 18. Treatment of dipoxide 14 with the more basic Et 3 N.3HF reagent, gave a more predictable outcome and this reaction furnished a mixture of inseparable difluoro diols 19 and 20 in 2.8:1 ratio as illustrated in Scheme 4 [4, 5, 21] . Under the latter conditions rearranged product 18 was not detected. This outcome clearly illustrates how the increased acidity of pyridine.HF relative to Et 3 N.3HF can give rise to very different product outcomes. Diols 19 and 20 were then converted to the corresponding triflates 21 and 22 [5] . These triflates were not easily separable and were therefore treated together with Et 3 N.3HF at 110 o C. On work up this gave two products 23 and 12, which were readily separated by chromatography. Both were crystalline solids and they each proved amenable to X-ray structure analysis as shown in Figure 3 . The major product 12 was the anticipated tetrafluorocyclohexane with a methyl group located at the benzylic position. The structure of 23, which contains an exo-methylene group, was unanticipated. It can be rationalized retrospectively as arising from an aryl migration most probably progressing via a phenonium ion intermediate such as 24. This intermediate then collapsed in an E1 type elimination process as illustrated in Scheme 4.
An aryl tetrafluorocyclohexane, with four fluorines all pointing 'up' and positioned at the 2,3,5 and 6 of the cyclohexane ring, presents an attractive option for building this facially polarized ring system into more complex molecular architectures. However we have found in this, and a previous study, that the deoxyfluorination reactions to introduce the last two fluorines of these ring systems is often compromised by the susceptibility of the aryl ring to become involved in neighbouring group participation as the substitution reaction progresses. If this achieves a full phenonium intermediate, then the various breakdown pathways generate a mixture of products.
Conclusion
In this paper we report some deoxyfluorination reactions of phenylcyclohexane epoxides and report products that arise from the involvement of the aryl ring in neighbouring group participation. The unanticipated reaction modes which compete with more straightforward deoxyfluorination substitutions can be accounted for by breakdown of phenonium ion intermediates. ]octane (14) mCPBA (99.58 g, 577 mmol) was added to a solution of diene 13 [9] (32.5g, 190 mmol) in CH 2 Cl 2 (200 mL) at 0 °C. The reaction was allowed to warm to rt and was stirred for 48 h. The reaction was filtered and the filtrate washed with 10% aq. KOH, (100 mL). The aqueous layer was then extracted into dichloromethane (100 mL x 3). The combined organic layers were washed with water (200 mL 
Experimental
General information
(1S,2R,3S,4R,6R)-2,6-Difluoro-2-methyl-3-phenylcyclohexane-1,4-diol (18)
Pyridine.HF (0.982 mL, 1.96 mmol) was added to a solution of diepoxide 14 (2 g, 9.84 mmol) in dichloromethane (5 mL) at -78°C under an argon atmosphere. After stirring for 12 h at rt, aq. NaHCO 3 (10%, 30 mL) was added and the organics were extracted into ethyl acetate (40 mL x 3). The combined organic layers were then washed and dried. The solvent was removed under reduced pressure and the residue re-dissolved in a minimum amount of dichloromethane and filtered through silica (petroleum ether/ethyl acetate 7:3). This gave 18 as a yellow crystalline solid (1. 
Difluoro-methyl-phenylcyclohexane-1,3-diols (19 and 20)
Et 3 N.3HF (6.5 mL, 39.6 mmol) was added to diepoxide 14 (1 g, 4.96 mmol) at room temperature and under an argon atmosphere. After stirring at 135°C for 48 h, the mixture was cooled to room temperature, and aq. NaHCO 3 (10%, 200 mL) was added and the product extracted into ethyl acetate (15 mL x 3). The combined organic extracts were dried and concentrated under reduced pressure. The product was passed through a short silica gel pad (petroleum ether/dichloromethane 1:1) to yield a mixture of 19 and 20 (1.22 g), which was taken to the next stage without purification.
A sample of each isomer was purified over silica gel (petroleum ether: diethyl ether / 8:2) for analysis. 
(1R,2s,3S,4S,6R)-4,6-Difluoro
(1R,2s,3S,4S,6R)-4,6-Difluoro-2-methyl-2-phenylcyclohexane-1,3-diyl bis(trifluoromethanesulfonate) (21)
Trifluoromethanesulfonic anhydride (3.4 mL, 20.13 mmol) was added slowly to a solution of 21 and 22, (1.22 g) in pyridine (10 mL) at 0°C. After stirring for 18 h at room tempertaure, the reaction was quenched with a mixture of water (50 mL) and saturated copper sulphate solution (2 mL) and the product extracted into diethyl ether (50 mL x 3). The combined organic extracts were dried over Na 2 SO 4 , and concentrated. The products was re-dissolved in a minimum amount of dichloromethane and filtered through a short silica gel pad, a product (2 g), which was taken straight to the next stage without further purification.
A sample of 21 was purified over silica gel (petroleum ether/ dichloromethane 9:1) for analysis. 
